Flavonoid 3'5'-hydroxylase (F3'5'H), a member of the cytochrome P450 family, is the key enzyme for the expression of blue or purple flower color. By a polymerase chain reaction (PCR)-based strategy using a degenerate primer designed from the conservative region of the F3'5'H genes, a full-length cDNA (accession number AB127340) was cloned from blue flower tepals of Muscari armeniacum 'Blue Pearl', and its genomic clone designated MaP450 (accession number AB127341), was isolated from leaves. Nucleotide sequence analysis revealed that 
INTRODUCTION
Flavonoid 3'5'-hydroxylase (F3'5'H), a member of the cytochrome P450 family, participates in the flavonoid biosynthetic pathway and is the key enzyme for the expression of blue or purple flower color. The F3'5'H genes have already been cloned from several dicots (Mori et al., 2004) , whereas isolation of the counterparts from monocots has not yet been reported. Recently, molecular breeding for flower color modification has been performed in some dicot ornamentals. In monocot ornamentals, however, there have been no reports on the application of such molecular breeding mainly due to insufficient understanding of the flavonoid biosynthetic pathway at the molecular level as well as a lack of reliable genetic transformation systems.
We recently established an efficient system for Agrobacterium-mediated genetic transformation of the Liliaceous ornamental, Muscari armeniacum (Suzuki and Nakano, 2002) . In the present study, we examined the isolation of cDNA and genomic clones of the F3'5'H gene from M. armeniacum by a polymerase chain reaction (PCR)-based strategy using a degenerate primer designed from the conservative region of the published F3'5'H genes. Total genomic DNA was isolated from leaves of M. armeniacum 'Blue Pearl' according to Rogers and Bendich (1985) . Total RNA was isolated from flower tepals, stamens, pistils, scapes, and leaves by the guanidium thiocyanate-cesium chloride procedure (Sambrook et al., 1989) .
MATERIALS AND METHODS

Plant
Isolation of cDNA and Genomic Clones
Isolation of cDNA and genomic clones were performed as previously described (Mori et al., 2004) . 3' rapid amplification of cDNA ends (3'-RACE) was carried out using total RNA as a template isolated from tepals of the stage 3 flower (see Results and Discussion) and a degenerate primer, 5'-TA(T/C) TT(T/C) AA(T/C) AT(T/C/A) GG(T/C/A/G) GA(T/C) TT(T/C) AT(T/C/A/G) CC-3' (FH2). Inverse PCR using total genomic DNA from leaves of M. armeniacum 'Blue Pearl' as a template was successively carried out. A complete genomic clone was isolated by the primer set, 5'-GCT CAC TAT GTC CTT CAC AGA TCA TCA CTA TTT GC-3' (MKFH1L) and 5'-CAT ATA ACT CCA CAG CTA CAT GCA CAT CAC CAG AG-3' (cMKFH1L). The genomic clone finally obtained was subcloned into the pCR2.1 vector (Invitrogen, USA) using the TA cloning Kit (Invitrogen, USA), yielding pCR2.1-MaP450.
Southern Hybridization
Southern hybridization was performed according to Suzuki and Nakano (2002) . Twenty µg of genomic DNA of M. armeniacum was digested with each of EcoRV, BglII, ScaI, XbaI or Eco81I. The genomic region of the MaP450 gene has no restriction sites of these enzymes except for EcoRV. A 1.67-kb DNA fragment used as a probe was generated by PCR (Suzuki and Nakano, 2002) using pCR2.1-MaP450 as a template and the primer set, MKFH1L and cMKFH1L. The amplified fragment was refined with Geneclean Spin kit (BIO101, USA) for primer elimination before using as a probe.
Reverse Transcription-Polymerase Chain Reaction (RT-PCR) Analysis
RT-PCR using the Takara RNA LA PCR Kit (Takara, Japan), total RNA extracted from tepals, stamens, pistils, scapes, or young leaves as a template, and the primer set, 5'-CAA AGA TTT CAG AGG TAA G-3' (MFH2) and 5'-ACA GAT TCT ACG ACC AGC AC-3' (MFHR1) was carried out according to the manufacturer's instructions. After 1 min heating at 94°C, 25 cycles were performed using a programmed temperature control system (2400-R, Perkin-Elmer, USA) under the following conditions: 20 s at 94°C, 60 s at 55°C, and 30 s at 72°C. Amplified products were analyzed by electrophoresis on 1.2% agarose gels.
High-Performance Liquid Chromatography (HPLC) Analysis of Anthocyanidins
Anthocyanin extraction from tepals, scapes and young leaves, hydrolyzation of the crude extracts, and anthocyanidin analysis by HPLC were performed as previously described (Mori et al., 2002) .
RESULTS AND DISCUSSION
Isolation of a Genomic Clone
By a PCR-based strategy using a degenerate primer designed from the conservative region of several published F3'5'H genes, a full-length cDNA clone (accession number AB127340) and its genomic clone designated MaP450 (accession number AB127341) was isolated from M. armeniacum 'Blue Pearl', a genotype with blue flowers. Nucleotide sequence analysis revealed that MaP450 contains an open reading frame (ORF) of 1,512 bp consisting of two exons (888 and 624 bp) encoding a polypeptide of 503 amino acid residues (Fig. 1) . The deduced amino acid sequence of MaP450 has several characteristic conserved regions of the cytochrome P450 proteins such as heme-binding region, FxxGxxxCxG; proline-rich region, PPxP; oxygen-binding pocket, (Chapple, 1998; Omura et al., 2003) (Fig. 1 ). Fig. 2 shows a phylogenic tree based on the deduced amino acid sequences of MaP450, the cytochrome P450 genes involved in the flavonoid biosynthetic pathway, and the cytochrome P450 genes not involved in this pathway but showing relatively high homology to MaP450. The identities between MaP450 and the cytochrome P450 genes involved in the flavonoid biosynthetic pathway, such as cinnamate 4-hydroxylase (4CH) (CYP73A; 35-36%), flavone synthase II (FS2) (CYP93B; 37-39%), F3'5'H (CYP75A; 34-37%), and flavonoid 3'-hydroxylase gene (F3'H) (CYP75B; 38-42%), is generally low. However, the percentage identities of MaP450 to genes in the subfamilies of the CYP71 family, CYP71A9 (Glycine max), CYP 71D10 (Glycine max), CYP71N1 (Musa acuminata), CYP71C1 (Zea mays), CYP71C4 (Zea mays), CYP71G1v2 (Asparagus officinalis), were 49, 45, 45, 43, 43 and 43%, respectively. MaP450 has recently been named CYP71J2 (D. Nelson, pers. commun.).
To determine the complexity of the MaP450 gene family in the genome of M. armeniacum 'Blue Pearl', Southern hybridization was carried out using a 1.67-kb DNA fragment from MaP450 as the probe (Fig. 3) . Five or six bands were observed for each restriction enzyme, indicating the presence of a gene family (5-6 copies) of MaP450 in the genome of M. armeniacum 'Blue Pearl'.
Anthocyanidin Accumulation and MaP450 Expression
Developmental stages of the flower of M. armeniacum 'Blue Pearl' are as follows ( Fig. 4A ): stage 1, flower bud with non-pigmented (light green) tepals; stage 2, flower bud with pale-blue tepals; stage 3, flower bud with blue tepals; stage 4, flower bud just before anthesis; and stage 5, fully-opened flower. HPLC analysis indicated that tepals of stage 2-5 flowers mainly contained delphinidin, followed by petunidin and cyanidin, and the total anthocyanidins per flower increased with the development of flowers (Fig. 4B) . These 3 anthocyanidins were slightly detected in scapes and young leaves (data not shown). RT-PCR analysis using specific primers was carried out to analyze the expression of MaP450 in various organs of M. armeniacum 'Blue Pearl' and in the tepal of various Muscari genotypes with different flower colors. Strong signals were observed in tepals of stage 3-5 flowers, whereas stamens and pistils of stage 4 flowers showed only weak signals (Fig. 5 ). Signals were also detected in scapes and young leaves, both of which slightly accumulated anthocyanidins (Fig. 5) . These results indicate that MaP450 is expressed developmentally paralleling anthocyanidin accumulation in the tepal. The expression pattern of MaP450 is similar to those of the majority of genes involved in the flavonoid biosynthetic pathway (Mol et al., 1998 ). In the present study, we attempted to isolate the F3'5'H gene from the Liliaceous ornamental plant M. armeniacum. Although the deduced amino acid sequence of the isolated gene MaP450 has several characteristic conserved regions of the cytochrome P450 proteins, it shows only low identity to those of the previously reported cytochrome P450 genes involved in the flavonoid biosynthetic pathway including F3'5'H. On the other hand, correlations between MaP450 expression and anthocyanidin accumulation or flower color indicates that this gene may be involved in the flavonoid biosynthetic pathway in Muscari species. Further studies are necessary to elucidate the biological function and physiological role of MaP450 in Muscari species.
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Proline-rich region Oxygen-binding pocket K-region Aromatic region Fig. 2 . A molecular phylogenic tree of deduced amino acid sequences of MaP450 from Muscari armeniacum 'Blue Pearl', the cytochrome P450 genes involved in the flavonoid biosynthetic pathway, and the cytochrome P450 genes not involved in this pathway but showing relatively high homology to MaP450. This phylogenic tree was generated using the programs CLUSTAL W (Thomopson et al., 1994) and TREEVIEW (Page, 1996) . The scale bar indicates 0.1 amino acid substitutions per site. Fig. 3 . Southern blot analysis of MaP450. Genomic DNA was digested with EcoRV, BglII, ScaI, XbaI or Eco81I, and hybridized with a PCR product amplified using pCR2.1-MaP450 as a template and the primer set, MKFH1L and cMKFH1L. The size (in kb) and position of the λ/HindIII DNA fragments used as a molecular weight marker is given on the left. 
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